I. Introduction
The objective of this study is to assess the possibility of differences in the production technologies between small and large establishments in the U.S. manufacturing sector. We particularly focus on estimating returns to scale and then make inferences regarding the efficiency of small businesses relative to large businesses.
We undertake this research for two reasons. First, standard industrial organization theory suggests that industrial long-run average cost curves are U-shaped or L-shaped. That is, over a certain range of output, small production units can expand their sizes to produce at declining average costs (increasing returns to scale). At a certain size, average costs flatten out (constant returns to scale). Beyond that size, average costs will increase at an increasing rate (decreasing returns to scale) as the production units continue to expand. Accordingly, this theory suggests that small production units can only exhaust economies of scale by expanding their sizes to some optimal level. This implies that small businesses are subject to inefficiency and eventually will fail, if they do not expand.
Yet, a growing body of evidence indicates that cited recent research and concluded that "small is not necessarily inefficient and that small firms make contributions to overall efficiency" (p. 107).
To explain the efficiency of small firms, the Report cited the following factors, among others :
Because of their size, small firms are less likely to encounter problems that can arise from complicated multi-echelon management structures which are more common in large firms. These organization structures tend to increase the cost of transferring information within the finn and generally result in less flexible business decision making process.
This means that, at least in some ways, small firms could be more efficient than larger firms --they do not necessarily suffer from diseconomies of scale. Technically, this is equivalent to saying that optimal efficient firm sizes may be small. This proposition, if true, has a very important policy implication. That is, if small businesses are as efficient as large businesses, then policies to promote and support small businesses might be carried out without sacrificing efficiency, at least in terms of economies of scale.
198
Sang V. Nguyen and ArnoM P. Reznek This paper is an attempt to provide a direct test for the above hypothesis. To do so, we develop a transcendental logarithmic (translog) production model to estimate and compare returns to scale for both small and large production units. An advantage of the translog model is that it provides direct estimates of the scale parameter without imposing other unnecessary restrictions on the production technology such as linear homogeneity and constant elasticities of substitution.
The second reason for undertaking this study is that most previous empirical studies of economies of scale have often been based on published aggregate data. Such data may not reflect the activities of production units, and results based on these data are likely to be subject to aggregation bias. In this paper, we apply microdata at the plant level to our production analysis. These confidential data are extracted from the Census Bureau's Longitudinal Research Database (LRD), which is considered one of the most comprehensive microdata bases available for the study of production. In particular, it contains data for establishments that are both "small" and "large" by any definition.
In this study, we choose to examine only five 4-digit SIC industries and use cross-section data for two census years, 1977 and 1982. Our experiments with the data led us to select the following five four-digit industry groups: 2 (1) SIC 2335: Women's, Misses' and Juniors' Dresses; (2) SIC 2511: Wood Household Furniture, Except Upholstered; (3) SIC 2711: Newspapers; (4) SIC 3573: Electronic Computing Equipment; (5) SIC 3662: Radio and Television Transmitting, Signaling, and Detection Equipment. We selected these data and industries mainly because we wanted to maximize the number of establishments (including both small and large) so that robust model estimates can be obtained. We view the study as a pilot because it does not fully utilize the LRD, which contains annual panel data beginning in 1972. While the number of industries being studied is limited, and the data employed are far from perfect, use of these microdata can eliminate aggregation bias to allow generation of some meaningful results and, more important, provide good direction for future research.
Our primary findings are that (i) there are significant differences in the production technology between small and large establishments; and (ii) based on the scale parameter estimates, small establishments appear to be as efficient as large establishments under normal economic conditions. However, small establishments seem to be unable to maintain constant returns to scale production during economic recessions such as that in 1982. These findings seem to suggest that, for the five industries under examination, large size is not a necessary condition for efficient production.
The remainder of the paper is organized as follows: Section II presents the model specification. Section Ill briefly discusses the data and estimation procedures. The empirical results, including the estimated production functions and scale economies are discussed in Section IV. Section V gives a summary, conclusions, and statements of future research needs. Finally, the Appendix provides a detailed discussion of the data.
II. Model specification
We assume that there exists a production function that relate output and inputs such that
where Q represents output; X is a vector of inputs, and Z is a vector of other relevant explanatory variables.
If Q is homogeneous of degree, then
where ~ is a constant and r is any positive real number. Assuming cost minimization and using the generalized Euler's theorem, we derive the following cost share equation system? 
where p, is the price of input i and F/----OF/OX,. For estimation, we need a specific functional form for F. Traditionally, applied production analysis has often been based on the CobbDouglas and Constant Elasticity of Substitution (CES) production functions. 4 However, it is
